In six chosen scenarios for the q 2 dependence of the form factors involved in D + s → φ transition, we have determined the allowed domain of x = A 2 (0)/A 1 (0) and y = V (0)/A 1 (0) from the experimentally measured ratios
I. Introduction
The phenomenological parameters a 1 and a 2 , appearing in the description of charmed and bottom meson hadronic decays, are related, for N c colors, to the perturbatively calculable Wilson coefficients C 1 and C 2 by [1, 2] ,
In the description of two-body hadronic decays of D mesons, phenomenology seemed to support the view that N c → ∞ limit applied [3] . This implied that a 1 (m c ) ≈ C 1 (m c ) ≈ 1.26 and a 2 (m c ) ≈ C 2 (m c ) ≈ −0.51 [4] . However, the same idea (N c → ∞ limit) carried over to hadronic B decays failed. N c → ∞ limit would have implied a 1 (m b ) ≈ 1.12 and a 2 (m c ) ≈ −0.26 [4] , yet two-body B decay data leave no doubt that a 2 (m b ) is positive [5, 6] .
We have recently proposed [7] that in B → ψ(ψ(2S))+K(K * ) decays, one ought to use N c = 3 values of a 1 and a 2 , a 1 (m b ) ≈ 1.03 and a 2 (m b ) ≈ 0.09, and absorb the nonfactorized contributions in the definition of effective, and process-dependent, a 1 and a 2 for processes such as B → P P, V P (P and V represent 0 − and 1 − mesons, respectively) which involve only a single Lorentz scalar. The idea of effective a 1 and a 2 is not new; it has been proposed and discussed by various authors in the past [8, 9, 10, 11] . For processes of kind B → V V , involving three independent Lorentz structures (as three partial waves, S, P, and D, come into play), it is not possible to define effective a 1 and a 2 [7] . Pursuing this idea, we [7] had shown that color-suppressed decays B → ψ(ψ(2S)) + K(K * ) and the longitudinal polarization fraction in B → ψ + K * could be understood in all commonly used models provided one included a small nonfactorized amplitude, the amount depending on the model. This ameliorates the conundrum posed in [12] where it was shown that none of the commonly used models explained the polarization data in B → ψ + K * decay within the factorization assumption.
In the present paper we have carried this idea into the realm of charmed meson decays; in particular, we investigate the decays D + s → φπ + , φρ + and φl + ν l . Experimentally, only relative rates are measured (following the notation introduced in [13] ),
Though the problem has been discussed in [13] , we revisit it with the purpose of investigating the role of nonfactorized contribution in a formalism that uses the N c = 3 values of a 1 (m c ) and a 2 (m c ). The reason for choosing the Cabibbo-favored decays of D + s is that the hadronic final states involve only a single isospin and, consequently, one does not have to worry about the interference effects due to final state interactions.
To the best of our knowledge nonfactorization contributions were first discussed in charm decays by Deshpande et al. [14] .
In Section II, we describe the method and the calculation of the three decay rates out of which R h and R sl are constructed. The results are presented and discussed in Section III.
II. Method and Calculations
A. Definitions
The effective Hamiltonian for Cabibbo-favored hadronic charm decays is given by
where (ūd) etc. represent color-singlet (V -A) Dirac currents and C 1 and C 2 are the Wilson coefficients for which we adopt the following values,
The central values of C 1 and C 2 are taken from [4] , though the error assignments are ours. Fierz-transforming in color space with N c = 3, we get
where λ a are the Gell-Mann matrices. We define, for N c = 3,
We also define [3, 4] the relevant hadronic matrix elements and form factors,
where q µ = (p Ds − p φ ) µ . In addition, the following constraints apply at q 2 = 0,
With these preliminaries, we now study the rates for the processes D
In the notation of [13] ,
where, H λλ (t 2 ) in each helicity state are defined by,
In the rest frame of D + s , the magnitude of φ meson 3-momentum is given by
Using (3), (5) and (6), the decay amplitude for D + s → φπ + is written as
where, from (5)
We calculate the first term in the brackets of (13) in the factorization approximation using the definitions in (6) and parametrize the second, the nonfactorized term for convenience of combining it with the first term, as follows,
This nonfactorized parameter, A 
where,
In terms of the quantities defined in (10) - (12), the decay rate D + s → φπ + is given by [13] ,
where we have approximated m 
We choose not to work with the form (18) which involves A 0 (0) in the definition of a ef f 1 but rather with a form in which A 0 (0) is eliminated altogether in favor of A 1 (0) and A 2 (0) via (8) . In doing so, we obtain,
with a zero width ρ meson
From (3), (5) and (6), the decay amplitude for D
where H (8) w is defined in (14) . Again we calculate the first term in the brackets of (22) in the factorization approximation and define the nonfactorized second term, for ease of combining it with the factorized first term, as follows,
Further, because of lack of phase space in this decay mode, we retain nonfactorized contribution only to S-waves, that is,
The decay amplitudes in each helicity state are then given by
where, with t ρ = m ρ /m Ds ,
The decay rate can then be expressed in a form resembling the expression given in [13] ,
with
E. D + s → φρ + decay with a finite width ρ meson.
The finite width of ρ meson is taken into account by smearing the rates given in (27) and (28) over the ρ width by using a unit normalized Breit-Wigner measure, ρ(t 2 ). This is accomplished by the replacement [13, 15, 16] ,
Two measures that have been used in the past are [15, 16] ,
and
The appearance of N 1,2 in (31) and (32) ensures that ρ 1,2 (t 2 ) are unit normalized. In (31),
, where Γ ρ is the ρ width. In (32), γ(t 2 ) is so chosen as to reflect the P-wave nature of the ρ meson
For a ρ width of 151.2 MeV and m ρ = 769.1 MeV, we found N 1 = 1.0758 and N 2 = 0.9946. In our calculation we have used the smearing function ρ 2 (t 2 ) with energy-dependent width.
III. Results and Discussions
In the results presented below we have used V cs = V ud = 0.975 and only the central values of a 1 , a 2 and C 2 given in (4) and (6): a 1 = 1.09, a 2 = -0.09 and C 2 = -0.51. Defining
we can write the decay rate for D
where, and V (q 2 ) as dipoles with pole masses 2.53 and 2.11 GeV, respectively (BSWII [4] ). We 
and A 2 (q 2 ) and V (q 2 ) extrapolate in q 2 as monopoles with pole masses 2.53 and 2.11 GeV, respectively. This yields
Scenario 5: A 1 (q 2 ) and A 2 (q 2 ) flat and V (q 2 ) extrapolates in q 2 as monopole with pole mass 2.11 GeV [13] . We get
Scenario 6: A 1 (q 2 ) decreasing linearly in q 2 according to [13] ,
For data, we use R h = 1.86 ± 0.26
In the following, we discuss the analysis of the ratios R sl and R h separately.
R sl : We reiterate that we are using the N c = 3 value of a 1 = 1.09 (central value only). R sl is constructed from (36) for Γ(D Fig.1 for some selected scenarios as explained below. Firstly, we observe that no solutions were found for χ π = 0 (see (37)) in scenarios 1 and 2 (BSWI and BSWII, respectively). In contrast, solutions were found in these scenarios in [13] ; the difference lies in our use of a 1 = 1.09 while a 1 ≈ 1.26 was used in [13] . Solutions, however, were found for χ π = 0 in all the other four scenarios. Secondly, the scenarios for A 1 (q 2 ) flat, and A 1 (q 2 ) and A 2 (q 2 ) flat, for χ π = 0 or χ π = 0 were almost indistinguishable, while those for BSWI and BSWII with χ π = 0 were very similar. Consequently, we have chosen to plot only the results using scenarios 1, 3 and 4 to keep Fig.1 uncluttered. The experimental points are from Refs. [19] , [20] and [21] and the plots are made for χ π = 0 and -0. decreasing with q 2 (scenarios 3 to 6). Further, solutions with a nonfactorized contribution, χ π = −0.5, fare much better than those with χ π = 0. In particular, E-687 data [20] are consistent with all the six scenarios with χ π = −0.5. CLEO data [21] are consistent with scenarios 3 to 6 (A 1 (q 2 ) flat or decreasing with q 2 ) with χ π = −0.5. E-653 data [19] do not admit a solution with −0.5 ≤ χ π ≤ 0.
The ratio R h , eq. (2), is constructed from the rates Γ(D We find that with χ π = χ ρ = 0, solutions accommodate E-687 data [20] in all scenarios, while CLEO data [21] are accommodated in scenarios 4 and 6 (A 1 (q 2 ) decreasing with q 2 ).
However with χ π = −0.5 and χ ρ = 0.5, all three data points [19, 20, 21] are accommodated in all six scenarios. The allowed region in the (x, y) plane is now a band with an upper and lower branch.
For the record, with χ ρ = 0.5, and using BSWII model [4] , one gets
Again, though this branching ratio is not directly measured, Particle Data Group [22] list
In conclusion, taking the N c = 3 value of a 1 seriously, we have asked: What is the domain of x and y allowed by the ratios R h and R sl in six chosen scenarios for the q 2 dependence of the form factors, with and without nonfactorization contribution? And, what is the size and the sign of the nonfactorization contribution in order that the measured values of x and y fall within the allowed domain obtained from R h and R sl ? We should emphasize that the experimental determination of x and y from semileptonic data is not model free as monopole extrapolation is assumed for all the form factors in data analysis. We find that an analysis with the inclusion of nonfactorized contribution fares much better in selecting an allowed domain of x and y consistent with the data. This is particularly true of R sl where, in addition, the scenarios in which A 1 (q 2 ) is flat, or decreasing with q 2 are favored over the scenarios where it rises with q 2 . As to the size and sign of the nonfactorized contribution, we have no explanation. 
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